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Abstract
A Density Functional Theory (DFT) study has been performed in order to investigate behaviour of barium
sulfide (BaS) at high pressures, and relationship between computed properties, in great detail. Novel predicted
and previously synthesized BaS modifications have been calculated using Local Density Approximations (LDA)
and Generalized Gradient Approximation (GGA) functionals. In particular, a detailed investigation of struc-
tural changes and its corresponding volume effect up to 100 GPa, with gradual pressure increase, has been
performed from the first principles. Band gap engineering of the experimentally observed BaS phases at high
pressures has been simulated and structure-property relationship is investigated. For each of the predicted
and experimentally observed BaS structures, elastic constants and mechanical properties under compression
have been investigated (e.g. ductility/brittleness, hardness, anisotropy). This study offers a new perspective of
barium sulphide as a high pressure material with application in ceramics, optical and electrical technologies.
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I. Introduction
In the recent years, barium chalcogenides based ma-
terials have attracted great scientific and industrial inter-
est due to their potential technological applications e.g.
in microelectronics and magneto-optical devices [1–
10]. Furthermore, due to their strong ionic character and
metallization behaviour under high pressures [11,12]
these compounds are promising candidates for various
electrical and optical devices in the future [13,14]. Bar-
ium sulphide (BaS) is, like other barium chalcogenides,
a wide-band gap semiconductor [15,16] with a large va-
riety of applications. Although it is commonly used as
a precursor to other Ba compounds, it is widely used in
electronics, optics, paints and as an additive [14].
Under normal conditions BaS crystallizes in the rock-
salt (NaCl) type of structure (Fig. 1a) [17–21]. In exper-
imental and theoretical studies, a high pressure phase
∗Corresponding author: tel: +381 11 340 8545,
e-mail: dzagorac@vinca.rs
transition from the NaCl to the cesium chloride (CsCl)
type of structure was observed at pressures above 6 GPa
(Fig. 1b) [17], similar to other chalcogenides [12–
14,17–22]. Recently, a TlI phase (Fig. 1c) has been sug-
gested to occur along the NaCl→CsCl phase transition,
as well as the possibility of the existence of a 5-5 and
NiAs type of structure in the BaS system [23]. In addi-
tion, it has been reported that the cesium chloride phase
starts to show a metallic character at pressures above
80 GPa [11,24].
There has been extensive theoretical work published
on barium sulphide in the literature, mostly because
of opto-electrical applications of barium chalcogenides.
Most of these researches are focusing on the phase tran-
sitions, band structure, density of states (DOS), ther-
modynamic and elastic properties of well-known NaCl
and CsCl modifications at standard conditions [25–32].
Here, the complete study of the structural, electronic
and mechanical properties of barium sulphide has been
presented, including experimentally observed modifica-
tions, as well as predicted (not-yet synthesized) BaS
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phases and their behaviour in the high pressure regime
calculated with high precision DFT functionals.
II. Computational methods
First principles calculations were performed using
the modern CRYSTAL17 code [33] based on the lin-
ear combination of atomic orbitals (LCAO). The initial
structure models used in this study were found in our
previous searches of barium sulphide [23]. Full struc-
tural optimizations employed analytical gradients with
respect to the atoms [34], cell parameters [35], and a
local optimizing routine [36]. In our previous studies
[23,37], we have found that Density Functional Theory
(DFT) is an appropriate method for further investigation
of BaS properties. In particular, a local density approxi-
mation (LDA) with the correlation functional by Perdew
and Zunger (PZ) [38], and the Generalized Gradient
Approximation (GGA) with the PBE (Perdew, Burke
and Ernzerhof) functional [39] were used in this study.
Fock/Kohn-Sham matrix mixing of 50% has been used
in order to stabilize the total energy value of the cal-
culated structures [40]. Tolerances for the convergence
on total energy are set to 1.0 × 10−7 Eh per atom in
each structural, electronic, elastic and mechanical prop-
erties calculations. A k-point mesh of size 8×8×8 in a
Monkhorst-Pack scheme has been used.
An important part of the ab initio calculations is the
basis set information and in BaS it plays a vital role
in the properties calculations. Thus, a [5s4p1d] all-
electron basis set was used for sulphur according to lit-
erature data [41–43]. In the case of barium, we have
used the pseudopotential by Hay and Wadt [44] and
in total a [4s4p2d] basis set as in our previous work
[23,37], which contains a diffuse d-function. The diffuse
d-function on Ba is crucial to obtain the proper conduc-
tion band structure and band gap of BaS [45–50]. Struc-
ture analysis and visualization were performed using the
KPLOT [51] and the VESTA [52] program, while for
visualization of Young’s modulus anisotropy an open-
source application ELATE [53] has been used. A fully
automated procedure to calculate second-order elastic
constants (SOEC) has been used as implemented in the
CRYSTAL17 code [54]. The bulk modulus is obtained
from the compliance matrix elements, and other elas-
tic properties such as shear modulus, Young’s modulus,
Poisson’s ratio and quantities derived from the Voigt-
Reuss-Hill approximation are obtained from the com-
puted data [55]. The full elastic tensor has been gen-
erated by using the keyword ELASTCON. In order to
obtain the elastic constants at a given pressure, we have
performed a series of elastic calculations at the volume
corresponding to the desired pressures, V(P), using the
recently developed module in the CRYSTAL code [56].
III. Results and discussion
3.1. Structural changes of BaS at high pressure
The structural behaviour of barium sulphide with the
increase of pressure has been investigated in great detail.
At zero pressure conditions, BaS appears in the rock-
salt (B1) type structure (Fig. 1a), while at high pressures
it transforms to the CsCl type (B2, Fig. 1c). Both BaS
modifications were optimized using first principles cal-
culations with LDA and GGA, and the results were in a
very good agreement with previous experimental [17–
22,24] and theoretical results [11,12,23,25–30,47,48].
Since it has been observed that the calculated values of
the cell parameters were slightly underestimated com-
pared to the experimental values, while the GGA-PBE
functional slightly overestimates (see supporting infor-
mation, Table S1), each of the investigated properties
in this study were calculated with both LDA and GGA
approaches for comparison.
According to the experimental observations, the
rock-salt structure transforms into a CsCl type modifi-
cation with the increase of pressure above 6 GPa, where
the two phases coexist above or below the transition
pressure during the pressure increase or release, respec-
Figure 1. Visualization of the calculated structure types in barium sulphide: a) NaCl type, experimentally observed at
standard conditions, b) TlI type, predicted at high pressures and c) CsCl type, observed at high pressures (small (blue)
and large (orange) spheres correspond to S and Ba atoms, respectively)
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tively [17,24]. Again, our calculations were in a good
agreement with the experimental data, since the B1 →
B2 phase transition is found at 5.7 GPa using the LDA
functional and 5.9 GPa using the GGA method. We note
that no intermediate BaS phase has been experimentally
observed during the B1 → B2 pressure induced phase
transition. In the recent study, the TlI (B33) modifica-
tion (Fig. 1b) has been found as metastable structure
very close to the transition region [23]. This type of
phase transition (NaCl (B1)→ TlI (B33)→ CsCl (B2))
is known to exist in TlI [57,58] and PbS [42,48,59–63].
Table 1. Unit cell parameters and corresponding volumes of
the NaCl modification in the BaS compound under
compression up to 10 GPa (calculations performed
using LDA-PZ and GGA-PBE functionals)
Pressure Cell parameters [Å] Volume [Å3]
[GPa] Exp. LDA GGA LDA GGA
0 6.39a 6.31 6.44 251.77 267.09
1 - 6.28 6.40 247.12 262.14
2 - 6.24 6.36 243.00 257.26
3 - 6.21 6.33 239.24 253.64
4 - 6.18 6.29 235.72 248.86
5 6.16a 6.15 6.26 232.61 245.31
6 - 6.12 6.23 229.40 241.80
7 - 6.10 6.20 226.98 238.33
8 - 6.07 6.17 223.76 234.86
9 - 6.05 6.14 221.20 231.48
10 - 6.03 6.12 218.72 229.22
aexperiment [17]
The structural behaviour of the rock-salt (B1) modi-
fication of BaS and its corresponding volume effect at
high pressures has been investigated from the first prin-
ciples. In particular, the NaCl modification has been
submitted to constant increase of pressure of ∼1 GPa
(up to 10 GPa) using LDA and GGA methods (Ta-
ble 1). As expected, the cell parameters and volumes
monotonously decrease with increasing pressure regard-
less of the computational approach. We would like to
note that the only experimental data for NaCl phase
at high pressures available so far are measurements at
5 GPa, where our DFT calculations show good agree-
ment. In order to further investigate the structural prop-
erties of barium sulphide at high pressure, the CsCl (B2)
modification has been investigated on the DFT level. In
particular, the CsCl modification has been submitted to
constant increase of pressure of ∼5 GPa (up to 100 GPa)
using LDA and GGA approach (Table 2). Again, the re-
sults obtained at high pressures (at 6 GPa) for CsCl were
in a very good agreement with previous experimental
data regardless of the calculation method. Since this is
the first detailed study of structural changes of barium
sulphide at high pressure regime, we hope that it will
help future experimental and theoretical studies of BaS
in the high pressure regime.
Table 2. Calculated unit cell parameters and corresponding
volumes of the CsCl modification in the BaS compound at
elevated pressures up to 100 GPa (calculations performed
using LDA-PZ and GGA-PBE functionals)
Pressure Cell parameters [Å] Volume [Å3]
[GPa] Exp. LDA GGA LDA GGA
0 - 3.77 3.87 53.49 57.96
5 - 3.67 3.74 49.43 52.31
6 3.69a 3.66 3.72 49.03 51.48
10 - 3.61 3.66 47.05 49.03
15 - 3.56 3.61 45.12 47.05
20 - 3.51 3.56 43.24 45.12
25 - 3.47 3.52 41.78 43.61
30 - 3.44 3.49 40.71 42.51
35 - 3.41 3.45 39.65 41.06
40 - 3.38 3.42 38.61 40.00
45 - 3.36 3.40 37.93 39.65
50 - 3.33 3.37 37.00 38.27
55 - 3.31 3.35 36.26 37.60
60 - 3.29 3.32 35.61 36.59
65 - 3.27 3.30 34.96 35.94
70 - 3.25 3.28 34.24 35.29
75 - 3.23 3.26 33.70 34.65
80 - 3.21 3.24 33.08 34.01
85 - 3.19 3.22 32.46 33.39
90 - 3.17 3.20 31.86 32.77
95 - 3.15 3.19 31.26 32.46
100 - 3.13 3.17 30.66 31.86
aexperiment [17]
IV. BaS band gap engineering as function of pres-
sure
In the second part of the study, a detailed investiga-
tion of electronic properties as a function of pressure has
been performed. The experimentally observed modifi-
cations exhibiting the NaCl structure and the high pres-
sure CsCl phase were optimized using the first princi-
ples calculations on LDA and GGA level. Their band
structures, in particular band gap as function of pres-
sure, were investigated. We note that our DFT results
show very good agreement with available experimental
data and can be used for high pressure investigations of
BaS with high accuracy. There is some controversy in
the literature, reporting barium sulphide as a direct band
gap semiconductor with band gap of ∼3.9 eV located at
the Γ-point [15,16,64]. On the other hand, previous the-
oretical studies of the rock-salt phase in the BaS system
have shown an indirect band gap (along the Γ → X di-
rection) ranging from 1.83 to 3.54 eV [26,45–50]. Our
band structure calculations for equilibrium NaCl struc-
ture are shown in Fig. 2a, exhibiting a band gap size of
2.02 on LDA and 2.44 eV on GGA level. An indirect
band gap along the Γ → X direction of the Brillouin
zone has been found regardless of the computational ap-
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Figure 2. Band structure calculation performed using DFT-LDA of: a) the NaCl (B1) modification and b) the CsCl (B2)
structure (note that the labels of the special points in the NaCl modification correspond to a face-centred cubic (fcc) lattice,
while in the CsCl phase they correspond to the primitive (simple) cubic (cP) lattice, respectively)
Figure 3. Calculated band gap of the NaCl modification in
the BaS compound at elevated pressures up to 10 GPa
(calculations performed using LDA-PZ and GGA-PBE
functional)
proach, which is again in a good agreement with litera-
ture data [23,26,45–50].
Figure 2b shows the band structure calculation of the
CsCl modification in barium sulphide. The band gap of
the CsCl modification has been calculated to 1.29 eV us-
ing LDA method and 1.64 eV using GGA-PBE. Again,
an indirect band gap along the M → Γ direction of the
Brillouin zone has been observed regardless of the cal-
culation method. The large shrinking of the CsCl band
gap compared to the band gap of the rock-salt modifica-
tion was of particular interest and its connection to the
structural properties and the B1 → B2 phase transition
at high pressures. Scarce literature data show that with
the increase of pressure above 80 GPa CsCl phase be-
comes metallic [11,12,24]. However, in previous theo-
retical study involving DFT-LDA approximation, a met-
allization pressure of 32 GPa has been calculated [50].
Since there is a large spreading of theoretical and exper-
imental data, and since there are no similar studies in the
literature, a detailed investigation of the electronic prop-
erties of the CsCl and NaCl structure at high pressures
has been performed.
The band gap of the rock-salt (B1) modification in
BaS system has been calculated for a constant increase
of pressure of ∼1 GPa (up to 10 GPa) using LDA and
GGA (Fig. 3 and Table S2 in supporting information).
In general, the size of the band gap is found to be re-
duced with the increase of the pressure, regardless of the
computational approach. In addition, a volume contrac-
tion with respect to changes in pressure and band gap
size was analysed (Fig. 3 and Table S2). The decrease in
unit cell size is connected with a decreasing gap, which
clearly connects electronic and structural properties of
barium sulphide.
Next, the electronic properties of the CsCl modifica-
tion in the BaS system and the respective volume effect
at calculated high pressures have been investigated on
DFT level. In particular, the CsCl modification has been
submitted to constant increase of pressure of ∼5 GPa (up
to 60 GPa) using LDA and GGA (Fig. 4 and Table S3).
Again, we observe a close connection of the structural
and electronic properties of the CsCl structure in bar-
ium sulphide. The band gap decreases quickly at low-
pressure conditions (<6 GPa), followed by greater vol-
ume shrinkage (Fig. 4). Later, there is gradual decrease
in band gap size up to 35 GPa at GGA, and up to 25 GPa
with LDA level of theory. At 40 GPa the band gap is al-
most the same although the pressure is increased and
Figure 4. Calculated size of the band gap in the CsCl
modification in the BaS compound at elevated pressures up
to 60 GPa (calculations performed using LDA-PZ and
GGA-PBE functional)
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the unit cell and volume are decreased calculated with
GGA, while the highest energy state of the valence band
is hardly distinguishable between the M and the Γ point
of the Brillouin zone (Fig. 5a).
Surprisingly, at 45 GPa the unit cell and the vol-
ume are hardly changed, however the band gap is fur-
ther narrowed to 0.22 eV. Here, we would like to high-
light another important result of this study. Figure 5b
shows a CsCl phase calculated at 45 GPa using GGA
approach. One can observe that at 45 GPa indirect band
gap becomes a direct band gap at the Γ point, which
might be connected to minor cell parameter and volume
changes (Table 2 and S3). Furthermore, our results are
in good agreement with previous studies, where CsCl
Figure 5. Band structure of the CsCl (B2) structure at: a)
40 GPa, b) 45 GPa showing direct band gap and c) 55 GPa
exhibiting metallic properties (calculation performed using
GGA-PBE)
has been shown to become a direct gap semiconduc-
tor with a transition at the Γ point in previous experi-
mental and theoretical research of BaS at high pressures
[11,23,24]. At 55 GPa, closing of the direct band gap has
been observed, and CsCl modification becomes metal-
lic at GGA-PBE level of theory (Fig. 5c). Furthermore,
a calculation using the LDA functional shows metallic
behaviour of the CsCl modification at pressures above
30 GPa, which is in very good agreement with previous
theoretical studies [50].
In short, our detailed study showed a great diversity
of the electronic properties of barium sulphide at high
pressure regime. In principle, one could decrease the
size of the band gap and influence the position of the
gap, even changing the semiconducting-metallic char-
acter of BaS with the increase of pressure. Furthermore,
direct bandgap materials tend to have stronger light
emission and absorption properties, which in combina-
tion with indirect gap materials are used in photovoltaics
(PVs), light emitting diodes (LEDs) and laser diodes.
Thus, the band structure calculations show a close con-
nection to the structural properties of BaS at high pres-
sures, which can be used in industrial, scientific and/or
technological applications to tune the electronic proper-
ties of barium sulphide.
V. Mechanical properties of BaS at standard and
elevated pressures
In the final part of this study we have investigated
mechanical properties of the BaS compound at standard
and high pressures. Figure 6 and Table S4 show a sum-
mary of calculated elastic coefficients of the most rele-
vant BaS phases using the LDA functional (for GGA-
PBE results see supporting information). Previous ex-
perimental and theoretical findings were collected, anal-
ysed and added to the following tables in order to com-
pare the accuracy of the previous results with the present
study. We observe that the calculated elastic constants
for equilibrium rock-salt and high pressure CsCl mod-
ification presented in Fig. 6 and Tables S4 and S5 in
Figure 6. Calculated elastic coefficients of the most relevant
barium sulphide modifications calculated using LDA
functional
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Table 3. Bulk modulus B, shear modulus G, Pugh’s delay/brittle criterion B/G, Young’s modulus E, Young’s modulus
anisotropy factor Ay, Poisson’s ratio νh and hardness HV calculated using GGA functional in BaS system
Structure type B [GPa] G [GPa] B/G E [GPa] Ay νh HV [GPa]
NaCl
44.8
27.5 1.63 68.4 1.72 0.25 5.51
(39.4–55.1)a,b (40.3–52.4)b-f
5-5 35.2 10.6 3.31 28.9 7.15 0.36 1.26
NiAs 42.7 23.8 1.79 60.3 1.64 0.26 4.48
TlI 35.2 28.2 1.25 66.8 5.2 0.18 7.59
Sph 30.9 4.4 7.08 12.5 4.56 0.43 0.28
CsCl
47.9
22.9 2.09 59.5 4.28 0.29 3.67
(21.4–34.0)a,b (42.2–57.3)b-f
Previous works – a experiment [17], b experiment [24], c GGA, LDA [26], d GGA, LDA [65], e LDA [25] f LDA [66]
the supporting information are in good agreement with
the great amount of previous theoretical work. Further-
more, when analysing previous results, one can ob-
serve great range of calculated elastic coefficients of
barium sulphide modifications. However, our LDA cal-
culations are in a good agreement with previous LDA
and molecular dynamics (MD) studies [25,26,32,65,66],
while GGA computations are in agreement with cor-
responding GGA theoretical reports from the literature
[26,65].
Experimentally observed modifications of BaS, rock-
salt, which appears at standard, and CsCl appearing
at high pressures, together with a predicted sphalerite
structure show cubic symmetry and they have only three
independent elastic constants C11, C12 and C44 (Fig. 6).
In further work, elastic constants were used to calcu-
late other mechanical and elastic properties, such as the
Poisson’s ratio ν, bulk modulus B, shear modulus G,
and Young’s modulus E [67]. The obtained values are
given in Table 3 for six investigated barium sulphide
structures. Again our results are in good agreement with
previous studies for experimentally observed structures,
while in the case of the predicted BaS phases this study
is the first report of such properties.
Since the shear modulus G represents the resistance
to plastic deformation, while the bulk modulus B repre-
sents the resistance to fracture, the relationship B/G has
been calculated in order to link the mechanical proper-
ties of materials with its elastic modulus [68]. The criti-
cal value of Pugh’s forecast material delay/brittle empir-
ical criterion (B/G) which separates ductile and brittle
materials is around or higher than 1.75. If higher than
this value, the material behaves in a ductile manner; oth-
erwise, the material behaves in a brittle manner [69].
According to the ratio B/G given in Table 3 and Table
S6 in the supporting information, each of the investi-
gated BaS modifications is ductile regardless of calcula-
tion method applied, except for NaCl and TlI structures
which are computed as brittle using GGA. Furthermore,
Poisson’s ration ν also provides information about duc-
tility/brittleness of the materials, and if the value of ν
is smaller than 0.26, the material will have brittle be-
haviour. It has been observed that the rock salt and the
hexagonal structures have brittle behaviour, while others
are ductile according to Poisson’s ratio calculated using
GGA (see Table 3). On LDA level of theory all six in-
vestigated BaS modifications show ductile behaviour.
Young’s modulus E is a very important constant for
the mechanical properties of material. Small value of
Young’s modulus indicates better plasticity [70] and
small values of Young’s modulus for six BaS modifica-
tions are shown in Table 3 and Fig. 7. It has been found
that the experimentally observed NaCl and CsCl modi-
fications have the largest value of E, so the plasticity is
the smallest compared to the other modifications. Since
Young’s modulus is also a measure of the stiffness of the
solid, where higher value of E indicates higher stiffness,
the corresponding BaS structures are also the stiffest. On
the other hand, sphalerite modification has the largest
plasticity, and the smallest stiffness among all other BaS
modifications, which again can be attributed to the pres-
sure changes.
The Vickers hardness HV related to the elastic and
plastic properties of polycrystalline materials [71] has
been calculated and it is shown in Table 3. We note that
the hardest modifications that could be synthesized are
the high pressure phases, the TlI modification at GGA
level of calculation (Table 3), and CsCl modification
using LDA (Table S6). A summary of all mechanical
properties plotted for each of the investigated modifi-
Figure 7. Calculated Young’s modulus E, shear modulus K,
bulk modulus B and hardness HV for BaS modifications on
LDA level of theory
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Figure 8. Bulk modulus B, shear modulus G and elastic
constants (C11–C44) as function of pressure in the rock-salt
modification of BaS calculated using LDA and GGA
Figure 9. High pressure behaviour of bulk modulus B, shear
modulus G and elastic constants (C11–C44) in the CsCl
modification of BaS calculated using LDA
cations of barium sulphide is presented in Fig. 7. We
observe that most of the mechanical properties have the
highest values in the experimentally observed NaCl and
CsCl modifications, while the lowest are appearing in
the cubic sphalerite and hexagonal 5-5 modifications,
regardless of computational approach applied. Interest-
ingly, the high pressure TlI structure and high tempera-
ture NiAs phase have similar mechanical properties.
The bulk modulus can also be described as the resis-
tance to the volume change under pressure [67,71]. For
cubic modifications, the bulk modulus mainly depends
on the elastic constants C11 and C12 and since the elastic
constant C12 is smaller than C11 for the calculated cubic
modifications (NaCl, CsCl and ZnS), the constant C11
mainly determines the value of B. In hexagonal struc-
tures, the dominant influence on the bulk modulus is
due to the C33 elastic constant. At standard pressures
the highest values of bulk modulus are found in experi-
mentally observed NaCl and CsCl modifications, which
means that they have the best capacity of resistance to
volume change under pressure. This has been investi-
gated in great detail in the previous chapter, and we have
further investigated mechanical properties and elastic
constants of NaCl and CsCl modifications at high pres-
sures.
A summary of calculated bulk modulus, shear modu-
lus and elastic constants (C11–C44) as function of pres-
sure up to 10 GPa in the rock-salt modification in BaS
system calculated using LDA and GGA is shown in Fig.
8 and Table S7. It has been observed that the calculated
bulk and shear modulus gradually increase with the in-
crease of pressure regardless of computational method.
Similar effect has been observed in the C11 elastic con-
stant, which was expected since its value mainly deter-
mines the value of B. However, for the elastic constants
C12 and C44, initially a small increase of the parameters
and then a decrease with further increase of pressure is
observed. This could be related to the pressure driven
phase transition of barium sulphide.
Similarly, bulk modulus, shear modulus, and elastic
constants (C11–C44) as function of pressure up to 80 GPa
of the cesium chloride modification of BaS calculated
using LDA and GGA have been investigated and a sum-
mary is shown in Fig. 9 and Table S8 of the support-
ing information (exact calculated values are presented
in Table S8). It has been observed that the calculated
bulk and shear modulus gradually increase with the in-
crease of pressure regardless of computational approach
(Fig. 9). In the CsCl structure, this trend was followed
in all calculated elastic constants (C11–C44) on contrary
to the rock salt modification of the BaS compound.
Finally, the elastic anisotropy, related to the material
microcracks and nanoscale precursor textures, has been
investigated. In order to illustrate the Young’s modu-
lus anisotropy Ay for the investigated BaS modifications
(Table 3), the 3D anisotropic surface figures of Young’s
modulus under the spherical coordinates were plotted
(Fig. 10). Since the content of anisotropy depends on
the degree of deviation from the spherical shape, a great
degree of elastic anisotropy has been observed. In par-
ticular, the smallest elastic anisotropy has been observed
in the 5-5 and NiAs structures (Figs. 10b and 10c), while
the largest elastic anisotropy has been found in the case
of the TlI and the ZnS modifications (Fig. 10d and 10e),
compared to the experimentally observed barium sul-
phide phases.
VI. Conclusions
A detailed study of the high pressure behaviour of
structural changes, band gap engineering, elastic con-
stants and mechanical properties of barium sulphide
has been performed using Density Functional Theory
(DFT). The local density approximation with the corre-
lation functional by Perdew and Zunger, and the Gener-
alized Gradient Approximation with the Perdew, Burke
and Ernzerhof functional were used in this study. Our
calculations show good agreement with previous exper-
imental and theoretical results involving the equilibrium
NaCl (B1) and high pressure CsCl (B2) phase. In par-
ticular, a detailed investigation of structural and elec-
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Figure 10. 3D contour plots of Young’s modulus anisotropy for a) NaCl, b) 5-5, c) NiAs, d) TlI, e) sphalerite and f) CsCl
modifications of BaS on LDA level of theory
tronic properties of the experimentally observed BaS
phases at high pressures has been performed. In prin-
ciple, one could decrease the size of the band gap, in-
fluence the position of the gap and even changing the
semiconducting-metallic character of BaS with the in-
crease of pressure. In addition, several barium sulphide
structures have been predicted and calculated on ab
initio level. Together with the experimentally observed
BaS modifications, their mechanical and elastic proper-
ties have been investigated. Furthermore, ductility, brit-
tleness, hardness, and calculated elastic constants at var-
ious pressures have been investigated, as well as the re-
lationship between calculated hardness, Young’s modu-
lus, bulk modulus and shear modulus. This study offers
a new perspective of barium sulphide as a high pres-
sure material with various technological applications,
e.g. photovoltaics (PVs), light emitting diodes (LEDs)
and laser diodes.
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